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Cell union in herbaceous grafting.

JOHN S. WRIGHT.

WITH PLATES XXX AND XXXI,

‘Thtplants mainly employed in this study were tomatoes,
#atoes and geraniums, although some work was done with
SWEHIS, tradescantia, and a few other kinds of plants. The
SWIE work was done in the winter and early spring of 1892,
o, periments being performed in the greenhouse attached
o hboratory of vegetable physiology of Purdue Univer-
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*e¢ methods of grafting were employed, inarching, splice
SWNE and cleft or wedge grafting. It is needless to
“gtdes thcgse well known methods here farther than to say
. ':Y the narching method the scion is allowed to remain
oy . Parent stock until union is formed, while by the splice
o cdge or cleft methods the scion must from the start
& rall connection with the parent and be sustaine< entirely
_"cWstock. In plants which are very delicate and of
& o Uncertain union, the inarching method is the suref,
= ' t.mOSt cases the cleft and wedge are safe and most
i ‘ »

o ?‘% the stock and scion were held in place by thin
e o faffia until union was accomplished when they were
: “‘.mtl;#l"w th? diameter of the stem to increase.

May b, eas-"‘ certain stages of growth that herbaceous plants
3 Strong lly grafted; in quite young plants the tiSSues are
atic 'hil:uiougb to survive the injuries inflicted in the opehf;
Rrowin, N older _parts, those past or ncarly past t

mge, the union does not take place readily because
lty of meristematic tissue, as union depenqs upon
L s hg::th of this tissue. In herbaceous grafting the

v %€ only such stems as will snap in breaking and
ca MI-NO. 8. ;
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not crush at the point of yielding. The scions used in th
work were in all cases vigorous growing young tips. In yosy
plants the stocks were cut close to the ground, in older plasy
higher branches served the purpose.

In the experiments it was noticed that scionswhich had grom
In vertical position more readily united with stocks which &
lowed them to retain their original position.  Shortly alte
the operation of grafting many scions wilt and remais 4
drooping state several hours or even a day, but with cue
ful attention revive permanently. |

Accounts were kept of each graft and when it arrived #
desired age for study the parts at the point of union were (&
Into small pieces suitable for sectioning, dehydrated n i
Thomas apparatus and prepared for sectioning by the celloi
method. ‘ b by

‘Although all grafts were recorded so that sections might
had showing grafts at various ages and all stages of cclltlﬂﬂ‘
study of sections showed that in most instances {dl s.tzflﬁ‘
cell union could be found in a single graft. Longitudinal %
transverse sections were made of most grafts, but th""z
tudinal section seldom showed anything in addition

: icida drawings ¥¢%

shown by transverse sections. Camera luci ° il
made ot all sections of importance, and in connc'c.:no s
the slides used for study. A number of these drawings

been selected to illustrate this article.
arallel tomis

Graft of tomato on tomato.—Twolateral and p T el s
“branches belonging to separate plants had tang

their 8
each about three-fifths of an inch long, remog%f:‘)&‘t
Jacent sides: these cut surfaces were bound bif °¢°*

. . about “
with raffia so that similar tissues met. T%fetezross
weeks the graft was sectioned for study:.

1
showed the line of union marked by a .ragged. b;m:?ris tie
which passed with but one interruption entlfr:h}; w0 B
stem. In longitudinal section this junction © rench)'mca
bers was marked by rows of small irregular p;'ckcnedw
with here and there the intervention tha tc;llsw '
wall (fig. 1). The sections showyed that tt;osc : |
been injured in grafting had died, \.vhnle :
beneath them were stimulated to a Vlgorol-lshgin l
meristematic tissue in each member, WhiC

. cells 1m0
pushed the broken walls of the dead bﬁundaf}'thcw
forming between the two members of the graft
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brown wall noted in the section (hg. 2, /,/). This brown
wallin all the instances observed was unaffected by stains
wed on the section. As will be seen farther on, this wall
tends to disappear with age until at last only a mere trace of
its existence is left,

In this case the tangential slices, removed in bringing the
ftock and scion into shape for grafting, carried with them a
part of the woody zone of each internode, so that in cross-
wetion the remaining part appears horseshoe shaped. In
snding the scion to stock the tips of these woody rings were
ound closely together (fig. 3), but in process of union
parenchymatous tissue developed and intervened between the
¥oody zones of the two members, resulting in their wide sepa-
fakion, as seen in figs. 2 and 4.

In sections of potato grafted to potato no new points were
“oted, the union occurring by the process described in the
PTEVIous case, txcept that the brown wall which so strongly

marks the junction in the case of the tomato was not nearly so
Prominent.

’;m’a and tomato gr aft.—The cross section of a wedge
::5,: ft‘a pOt.a to to a tomato, five weeks old, shoyved that
the timm lSSfues 'n stock and scion had met in the union. At
hﬂwcc: toh grafting numerous gaps and small spaces existed
ties ang € two members of the graft owing to the irregular-
fock and “nevenness of the cut. The parenchyma gells of
Girection S?On had elongated towards these places, being the
Gvities tho .lcast pressure, and had filled up most sgch
iadicated ¢ line of meeting of stock and scion tissues being
il In );‘a Wall twice the thickness of the ordinary cell
Rentary, dzt er places this wall was very ragged and frag-
iine by thcc ‘0 dead cell walls which had been crowded into
Thc‘f.’rowghmwmg tissues; shown in fig. §.

¢ -Oftbe cells in closing up gaps is similar to growth

o 'Ssue induced by surface wounds. The cells
the -
‘&n‘e{;::gdsurfac? Lo double the ordiany dimensions or more(.l
™ Crosg . * Series of transverse walls making what appeare
;0N to be series of narrow plate-like cells, the
Which were parallel to the cut surface, the longer

'8 €qual to the width of the cell from which

- (See hgs. s, 11, etc.) "At the outer part of

Atral parenchyma of the stock was shown to
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have met the cambium of the scion while the cambium of the
stock met the parenchyma of the primary cortex in the st
The union here was easily accomplished through develop-
ment of meristematic tissue. The section showed the centn
parenchyma to have been more active in forming a us
than was the primary cortex.

In one case where a potato scion had been grafted to s
mato stock the central parenchyma of the tomato stock v
bound against soft bast cells of the fibrovascular bunde
The bast cells had swollen as if attempting to enlarge, th
cambium of the vicinity began an active growth, and a ¢
siderable quantity of meristematic tissue intervened betwes
the central parenchyma and the bast cells of the fibrovasciss
bundle (fig. 6). " .

In one instance the knife in preparing the parts for graitisg -
had removed one side of a cell in the potato scion, whie
a cell of the stock had suffered a similar loss, and it happes
that the free portions of the severed walls of these two ce8
were bound end to end. Through continued pressure the i
partial cells had united, forming a cell twice the normal si&
which lived and grew. This large cell, however, theey
delicate wall across its middle, forming two cells each O{M
size, and providing such a neat union between stock aﬁd;:
that it was almost impossible to detect it the pathmu
knife showing no thickened wall, with but here and ;ormd
few fragments of dead walls projecting into the newly
cell. See fig. 7.

The graft which presented the aboveinterest
showed in an admirable way the action of paren o
closing up spaces existing, immediately after the operd
between members of the graft. ané

As previously stated the removal of pressure from ON¢
of the cells both stimulates growth and induces €
the cells in the direction of least resistance.
the cells had elongated towards the injured S“dalc :
length was four times their width; de‘]icatc wal.‘:
passed transversely across the cells divi
of small cells. These transverse walls ap

ing union s
chymlcd.b‘

in the smaller cells, as was often the €as¢ t
mote from the injured surface was the largest
nation revealed, in many instances, delicate
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mg through the young cells at right angles to their longer
axes. The free sides of these growing cells were much more
thickened than the others (fig. 8).

The cross section of another graft of potato on tomato
siowed the central parenchyma of the tomato joined to the
soft bast, cambium and fibrovascular bundles of the potato.
Although the line of union was marked by a slightly thickened
wall, no 84ps were present and no development of meriste-
MAtic tissue occurred. The junction of the two members was
* MEat as to be no more marked than the transition from one
ussue to another in the same plant (fig. 9).

Geranium grafts. —Geraniums were grafted to each other
¥ith great ease. The action of these cells in effecting union,
'Rb. occasional modifications, was similar to that seen in

*holly obliterate the path of the knife. In such places the
Zn-g" 4X€s of the cells were nearly at right angles to the line
hm(tlo.n (ﬁg 10).

'mfzngmm and tomato grafts.—QGeranium scions were eas.ily

® tomato stocks, the geranium in nearly every in-
‘g and increasing in foliage. ~The tomato scions
© Instance, however, accomplish union with a
ock. The repeated trials proved that in respect

'€ two plants do not act reciprocally. ~As a par-
ation of this two facts are offered, viz: difference

Cr i More sap at a time when it was in greatest
becnms “eCtions of these grafts showed the geranium to
. MOTe active in the formation of the union (fig. 11).

' a”d(’ olato grafts. —Successful grafts were .made
on o S€I0ns to potato stocks. In this case as m‘the
“the geranium was more active in forming the union,
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as shown by the cells along the line of junction of the tw
members (fig. 11). In this graft the wall which marked
line of union was thickened but otherwise similar to ordinary
cell walls.

Cactus grafts.— Cactus grafts were made, and section
showed the method of union to be essentially like that int
other cases studied. The union occurred in either one orth
other of two ways: long continued pressure holding cell wit
In contact gradually causing them to cohere, or through i
development of meristematic tissue by each member.

Grafts of a monocotyledonous plant.—The only monocty
ledonous plant experimented upon was 7radescantia sebrine,
which was grafted to itself with great ease; and with s
surprise it was also found to form a true union with a tomss
stock. In grafting tradescantia to itself the members of te
graft were firmly bound, and healing was rapidly ace=
plished. The examination of cross sections showcd.noﬂ‘
eral development of meristematic tissue 5o prominest®
previously described grafts. Those parts of boundary d
walls which were on the line of union were very much the
ened and from all appearances most of the uniof had ":"
effected through long exerted pressure which caused the |
walls permanently to cohere. Where gaps or SPaceso::;
isted however elongation of cells in that vicinity had -
as in other grafts. Where parenchyma met a fibrov pysl
bundle, and a space existed between the two, the parei® "
cells elongated towards the gap and divided, g,\'nngﬂ“
new cells until the space was closed and the uni 25

previous

plished through pressure of the cell walls as in

Union of tradescantia and tomato.—In Cross and 10 ¥
graft of tradescantia upon tomato the union Was fo@oﬂ s
as perfect as any between tomato stock and potato idenct ¢
many places tissues of both members gave e;n'”i“a
marked activity in forming union, in others the outly!

: show? ”
of border cells were thickened and union s
erccllwa"s K

havebeen the result of pressure of the bor d .. in forming
other. The tomato was the more active If 3
union (fig. 12). as in o0
Examinations of callus.—Examinati and, ¥
and potato slips, which had been place he hes'™
made in order to see what relation e)-ctsts

section o &

ons of Cal]
d in damp
between £
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The short account here given is from the examination of
potato callus, as it showed all the parts clearly. From a lon-
gitudinal section it was seen that all the cells injured by the
knife died, the parenchymatous tissues immediately beneath
were vigorous and were stimulated to renewed growth.
Elongation towards the cut surface occurred in the cells, and
b forming successive transverse walls each elongated cell
gave nise to several small cells, which rapidly inereased in
thickness of cell wall, and became rounded. These small
eells pushed the dead cells in advance as they grew, and soon
efveloped the entire injured tip and extended upward envel-
oping the sides of the branch with a mass several layers
thick. The walls of the callus cells are thicker than those of
the parenchyma cells, which give rise to them, and the cell
sontents are richer in protoplasm. The outer callus cells
§I¥E 1ise to root hairs (hg. 13).

A.t tl}c tip the transition from callus cells through meriste-
Matic tissue into ordinary central parenchyma is very gradual.
Thc.cxamination of the tip showed the first stages in the for-
sation of callus to be similar to those in effecting union of
tm‘.'cs by graiting. Hansen, who has carefully studied the for-
:?:uon of callus, regards a cut made in a stem, when vegeta-
cm; C;Dndnttqn§ are favorable, as a stimulus to extensive and
b SPt‘fi'( dCtivities.  In the cut necessary to grafting we have

~*mulus to growth, the parenchyma cells respond to the
c developing meristematic tissue which in most
“es effects the union.
to‘“("‘ % ]?S§ true callus may be found in the graft ser.vi.ng

Protect "‘)l_lfed parts which by reason of their position
eat th dnite.  If proper conditions of moisture be pres-

© graft 3]59 frequently gives rise to rootlets as does the

¢ other of an external wound. The callus
_8raft, and parenchyma which in one place
'ty to protect an exposed injury, in an adja-
€IS a union between stock and scion, the
Case being similar.

Sitny :
Curs in'z::y.r\VC find that union in herbaceous grafting oc-
0

eXerte ‘Wo ways: It is accomplished either by long
Qusind g:ess"r > hC’lding old cell walls together and gradually
* Y1€m permanently to cohere, or through the develop-

F'U(css "‘ each
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ment of meristematic tissue by one or both menmnibers of the
graft, after which the boundary walls meet and unite throagh
pressure, somewhat as in the first case. We generally hare
part of the union in any particular case formed by the coher-
ence of the walls of old cells, and the remainder formed by
the growth of new cells arising, as in the case of callus, bat
of the cells injured by the knife.

Broken walls of the injured cells are thus pushed into line
forming a brownish fragmentary wall marking the junction‘d
the two parts of the graft. This wall tends to disappear wits
age; the smaller young cells along the junction of the tw
members enlarge rendering the line of demarkation betwes
the two tissues faint.

In cases where the severed ends of two woody zones me
but were not sufficiently close to allow of union through &
herence of cell walls, the two opposite ends of woody 208
were enveloped by meristematic tissue arising from the cas
bium layer on the one side and the central pgrenChYm',a
the other. These two layers of meristematic tissue, meetisd
each other between the ends of the woody zones united & #
the preceding cases, except no fragmentary wall sep -
them. When such a process occurred we had the WOC’dJ’fx ‘
of the two members of the oraft separated by a layer ¢ “5:,
enchymatous tissue similar in general form to a med ool
ray. In cases where the woody cells met Pare"Ch’;m:fm
for union they were often first enveloped by a grogv : of the
neighboring parenchymatous tissue of the member
graft to which they belonged.

It may be interesting to account
water from the stalk to the scion. The W(}fk of trw gdi'
water from one part of a plant to another IS d??e If parer
woody tissue, parenchyma being unable to do ! e and S8
chyma intervene between the woody tissues of S-tan is cut
throughout the graft the water supply of the scwt the g
But this intervention did not occur th"oughou me secto®
where successful union was accomplished; while soS e
did not show direct contact of the W00d.Y Sy ?tfj?)‘n;
the same graft always disclosed it. In d‘COtl’;tet
the binding of the graft nearly always broug ey
rigid woody rings in direct contact. In gF tia

: descan
cotyledonous to dicotyledonous plants, as "; tt‘lﬁlae: tﬁd"a"
tomato graft the scattered woody bundles ©

for the transfem‘ﬂ“,d
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were often seen in direct contact with the woody cells of the
tomato, thus giving opportunity for the transferrence of water
from the one to the other.

Naturally one would not expect union between plants of
different orders, and the successful orafting of 7Zradescantia
s¢brina upon tomato and of geranium upon tomato wasa sur-
prise. The union of tomato, a dicotyledonous plant, and
tradescantia, a monocotyledonous plant, was particularly in=
ieresting and points to the fact that a similarity in the ar-
angement of the woody and other tissues is not essential in,
gralting herbaceous plants.

Upportunity is here taken to thank Dr. J. C. Arthur, of
Purdue University, for his kind assistance in the preparation

of this article, the work upon which it is based being done
under his supervision.

Botanical Laboratory of Eli Lilly & Co., Indianapolis, Ind.

EXPLANATION oF PraTEs XXX AND XXXL

rkhbrevnanons used: /7, /, line of union: G, geranium; 7, tomato; 2, potato;
% tradescantia,
d?:'n SAX~—Fig 1, Long. sec. of 7'to 7'y n young cells formed in process
tral O0.—FKig. 2. Trans. sec. of 7 to 7 w, w, woody zone; ¢p, ¢, cen-
Tw 7. o ¥ma: f' cortical parenchyma; #, young cells.— Fig. 3. Trans, sec.
; ' W, W, woody zones; position of 7, v, shown at time of grafting.—
...“ +_Trans sec. 7o 7, showing position of =, w, after graft hai healed.
- 56 frans. sec. Pto 7, through central parenchyma; #, ¢, young cells.
Trans e Trans sec, p to 7y ¢m, cambium tissue: #, bast cells.—Fig. 7.
Rents ::c b “to 7, through central parenchyma; #, young cell walls; 2, frag-
howj formerly occupying places of n.—Fig. 8. Trans. sec.
 SHowing growth of tissue and formation of young cells, #, %, m.closl:g
g' &5 % v, young transverse walls dividing young cells; 7, #, thicken
indary cells.

&::l? XXXI,._..F 18- 9. Trans. sec. P to 7'; sb, soft bast cells; ¢ m, cam-

y*r.—Fig. 10. Trans. sec. ¢ to G. m m, newly formed cells; ”l:

~Fig ,2p‘m°hyma cells. —Fig. 11. Trans. sec. G to P; n, young “‘h

© rans. sec. 7y to 7'y f, 4, ibrovascular bundle; 2, young O:Ilzx

;;zng. ~>-C. callus formation. ¢, ¢, ¢, on potato slip: @, fibrovasc -
tcells; ¢, 5, central parenchyma: ér, the broken walls of c&

e arin® the slip; £, formation of callus cells by parenchyma cells;
4nsing from callus cells.




